Phytoplankton is a crucial constituent responsible for the production of organic matter in lakes, especially in the pelagic zone. As a result, pelagic algae and cyanobacteria condition the proper function of the food chain and all the changes in phytoplankton assemblage influence the entire aquatic ecosystem. Because of the short generation time of phytoplankton, its response to changes in the aquatic environment, mainly to the enrichment of a lake in nutrients, is rapid and direct. Phytoplankton can be an early warning indicator and, theoretically, can be used to control subsequent changes in aquatic environment. Owing to the constant threat of excessive eutrophication of the aquatic environment, which is the main pressure in many countries, including Poland, the knowledge of planktonic algae and cyanobacteria is gaining in importance. The response of phytoplankton to eutrophication has many negative effects. Usually, it is manifested in its increased abundance and biomass and contributes to greater turbidity of waters. Phytoplankton research to determine lake productivity changes has a long tradition. Thienemann [1918] and Naumann [1919] were the best known pioneers in the classification of lakes based on the trophic conditions. The authors made the distinction between oligotrophic lakes, with low productivity and high water clearness, and eutrophic water bodies with high productivity and turbid water. The well-known model focused on chemical compounds as a primary cause of increased trophy is the Vollenweider system [1968]. Total phosphorus (TP) was selected as the typical measure of phosphorus concentrations in lakes
Phytoplankton is a crucial constituent responsible for the production of organic matter in lakes, especially in the pelagic zone. As a result, pelagic algae and cyanobacteria condition the proper function of the food chain and all the changes in phytoplankton assemblage influence the entire aquatic ecosystem. Because of the short generation time of phytoplankton, its response to changes in the aquatic environment, mainly to the enrichment of a lake in nutrients, is rapid and direct. Phytoplankton can be an early warning indicator and, theoretically, can be used to control subsequent changes in aquatic environment. Owing to the constant threat of excessive eutrophication of the aquatic environment, which is the main pressure in many countries, including Poland, the knowledge of planktonic algae and cyanobacteria is gaining in importance. The response of phytoplankton to eutrophication has many negative effects. Usually, it is manifested in its increased abundance and biomass and contributes to greater turbidity of waters. As a result, a large number of secondary effects are observed, for example, changes in the taxonomic composition of phytoplankton, excessive development of cyanobacteria and filamentous green algae, decreased colonisation depth of macrophytes and even their complete withdrawal. Finally, intense cyanobacterial blooms (including those of toxic species) occur [Huisman et al. 2005 , Søndergaard et al. 2011 . In turn, the abovementioned changes cause socio-economic consequences: a deterioration of the value of recreational lakes, a ban on swimming (because of blooms), the death of fish (caused by anoxia) or the unsuitability of fish for consumption as a result of their content of toxins, the harmful impact on drinking water and the decline of the natural values of protected areas.
Phytoplankton research to determine lake productivity changes has a long tradition. Thienemann [1918] and Naumann [1919] were the best known pioneers in the classification of lakes based on the trophic conditions. The authors made the distinction between oligotrophic lakes, with low productivity and high water clearness, and eutrophic water bodies with high productivity and turbid water. The well-known model focused on chemical compounds as a primary cause of increased trophy is the Vollenweider system [1968] . Total phosphorus (TP) was selected as the typical measure of phosphorus concentrations in lakes Phytoplankton in the ecological status assessment of European lakes -advantages and constraints because it is relatively easy to measure. Although inorganic soluble forms of phosphorus are more available for algae, they are more difficult to measure accurately because of its rapid absorption and release by organisms [Lampert, Sommer 2001] .
However, the trophy classification based on one criterion only is not possible. and in water quality assessments [Kudelska et al. 1983 ]. The simplicity, objectivity and relatively small data requirements made such a kind of indices very popular.
Pearsal [1932] was one of the first scientists who proved that the diversity of the trophic types of lakes corresponded to distinct and typical algal assemblages. He found the sub-domination of Desmidiales and chrysophytes in plankton in nutrient-poor lakes, the co-domination of diatoms in mesotrophic lakes and a domination of blue-green algae in hypertrophic water bodies in England. Many authors worked on the seasonal variability of the composition of the phytoplankton community in lakes with different levels of the trophic state [Hutchinson 1944; Järnefelt 1952; Spodniewska 1978; Willén 1979; Hörnström 1981; Rosén 1981; Reynolds 1980 Reynolds , 1984 Rott 1984; Trifonowa 1989] . They pointed out the occurrence of specific phytoplankton assemblages and functional groups depending on water productivity. This research and many other studies provided a scientific basis for the development of phytoplankton-related trophic indices that were used to examine water productivity based on the phytoplankton community. The most common indices include Thunmark's Järnefelt's Index [1956] or Hörnström's Index [1981] , which can be used to monitor lake water quality.
Although in some countries the phytoplankton indices representing the response of phytoplankton to the eutrophication pressure have been developed and used for many years in the routine lake monitoring programme, the implementation of the Water Framework Directive (WFD) [EC, 2000] stimulated the development and improvement of quite a number of national methods. One of the main objectives of the WFD is to ensure that different categories of waters achieve 'good ecological status'.
Good ecological status should deviate only slightly from the biological, structural and chemical characteristics that could be expected under undisturbed (reference) conditions. Just as for other water categories, the ecological status of lakes should be estimated first of all on the basis of biological elements, that is, assemblages of organisms that live in water. This approach is based on the belief that water is not only a resource used by people but also an element of an ecosystem and its quality should be evaluated with consideration of its ecological role. Therefore, we do classify not only the water quality but also the ecological state of the whole ecosystem [Vallentyne, Beeton 1988 , Kudelska et al. 1997 . The organisms that are recommended for the assessment of the status of water ecosystems include phytoplankton (as one of the elements, in addition to macrophytes, phytobenthos, benthic invertebrates and ichthyofauna).
All the EU countries are obliged to prepare methods for phytoplankton sampling and a laboratory analysis strategy, as well as to develop a phytoplankton-based method for the ecological status assessment of water, expressed in numerical terms. According to Annex V of the WFD, the water classification system must take into account fundamental variables of phytoplankton such as (i) biomass or abundance; (ii) composition and (iii) frequency and intensity of blooms.
A sampling strategy and an assessment method must be specific for the abiotic type of a lake; it should refer to the reference conditions and should also be based on numerical indices enabling the calculation of the EQR (Ecological Quality Ratio), ranging between 0 and 1. The EQR represents the ratio between the index for a specific water body and its reference value that characterises this water body.
The response of phytoplankton to the eutrophication pressure 
PHYTOPLANKTON IN THE ECOLOGICAL STATUS ASSESSMENT OF EUROPEAN LAKES -ADVANTAGES AND CONSTRAINTS
based assessments of lakes, the review covered 16 methods that emerged over past several years in European countries (Table 1) . In this review, consideration was given to the sampling method, including its frequency, recommended deadlines and sampling sites as well as the types of indices applied. This overview does not contain detailed descriptions of assessment procedures (which the reader will find in the cited literature) but will make it possible to compare and discuss the advantages and disadvantages of each solution. Because of the continuous development and modification of the existing methods, the list of methods given below cannot be considered complete.
THE OVERVIEW OF THE EUROPEAN PHYTOPLANKTON-BASED METHODS FOR LAKE ECOLOGICAL STATUS ASSESSMENT

Sampling strategy
Temporal variation
The appropriate schedule of sampling is a basic problem for the effective monitoring of lakes. The development of a sampling strategy requires the determination of the number of sites and sample replicates and the frequency of surveys needed to make an assessment with sufficient precision. It should be planned in time and space with consideration given to phytoplankton ecology in order to obtain representative samples reflecting the ecological status of the ecosystem.
In the temperate zone, the main factor of the phytoplankton variability is the seasonal variation of solar radiation during the year and the associated temperature changes [Kawecka, Eloranta 1994] . Seasonality affects the mixing of water and its stratification and, indirectly, the concentrations of nutrients and algal biomass and composition. The annual development of the phytoplankton taxonomic structure in lakes is driven not only by a seasonal change of weather conditions but also by direct autogenic forces, often following a predictable organism succession as described, for example, in the Plankton Ecology
Group (PEG) model [Sommer et al. 1986 ].
The WFD provides guidelines for the frequency for monitoring (Table 1) .
Spatial variation
Another question is the representative number of sites and samples taken in the vertical profile and the horizontal space.
The phytoplankton distribution in a lake is uneven. Its spread can as shallow lakes with a particularly large surface area (e.g. Lake
Balaton or Lake Peipsi), the sampling strategy should be adapted to the individual character of a lake in terms of its frequency Honti et al. 2007 ].
In the Polish method for phytoplankton-based ecological status assessment [Hutorowicz, 
Phytoplankton variables
Biomass or abundance In general, the trophy level increase is accompanied by an increase in the biomass and abundance of phytoplankton taxa, as a result of which the summer abundance peaks are higher than those in the other periods and sustained [Kawecka, Eloranta 1994] . Hence, in order to classify a lake, that is, to determine the stage of its trophy development as well as its ecological status, it is necessary to determine the amount of planktonic algae. It can be done by directly counting the phytoplankton specimens to determine the total phytoplankton density by measuring the biovolumes of the individual species that enables calculations of the total biomass and, alternatively, by applying the proxy of phytoplankton biomass -the concentration of the key photosynthetic pigment chlorophyll a, which occurs in all the algal and cyanobacterial taxonomic groups. The latter parameter has been widely used in lake monitoring and classification schemes as a quick and easy-to-measure indicator of trophy (e.g. Carlson 1977 , OECD 1982 , and it is still the most common element of ecological status assessment methods (Table 1) .
In recent years, the boundaries for chlorophyll a concentration However, there is evidence to the problematic usefulness of chlorophyll as the only metric of phytoplankton abundance. First, in different plankton groups, the quantity of chlorophyll a in cells related to their physiological states varies, and therefore, in many cases, it is also supplemented by other types of chlorophyll or other pigments [Reynolds 2006 ]. In humic lakes, it is possible to be misled into the belief that the phytoplankton biomass is lower than it is, if indicated solely by chlorophyll analyses.
That is because in these lakes, the biomass of phytoplankton can in varying degrees consist of poorly pigmented mixotrophic plankton organisms [Lyche Solheim et al. 2014] . Moreover, the proportion of chlorophyll a per unit of biomass is inversely related to cell volume; therefore, a given biomass unit of 'small' algal cells is likely to contain more chlorophyll than does the same amount of 'big' phytoplankton cells [Kasprzak et al. 2008] . It was found that the share of picoplankton in the total phytoplankton biomass, in lakes where the value of chlorophyll a was lower than 10 mg/l, might exceed 70%, whilst in lakes where the chlorophyll concentration was higher than 100 µg/l, the share was usually lower than 10% [Vörös et al. 1998 ].
The relation between the concentration of chlorophyll a and phytoplankton biomass depends on the taxonomic composition of algal communities, the availability of light and temperature [Reynolds 2006] . A particularly large discrepancy between the concentration of chlorophyll and the biomass and the lack of their overlap during the peaks of these two parameters were observed when dinophytes dominated (those with large cells) or so did big colonial species of Chlorophyta from the Volvocales order [Felip, Catalan 2000] . This is due to the fact that the large cells generally contain lower amounts of chlorophyll per unit volume than the small forms [Malone 1980 ]. On the other hand, in some cases, the reverse situation can be observed, when a high concentration of chlorophyll is found for relatively low biomass. This is usually caused by an abundance of very small forms, usually phytopicoplankton or autotrophic bacterioplankton, and relates primarily to the lower trophic state of the lake. In some water ecosystems, autotrophic picoplankton species are important constituents of the community and play a leading role in the primary production [Callieri, Stockner 2012] . Moreover, in shallow lakes, a relatively large proportion of the primary production can be shared by benthic organisms such as periphytic algae or higher vegetation [e.g. Sand-Jensen, Søndergaard 1981] .
Abundance expressed as the number of cells/colonies/filaments per volume of water provides reliable information about the development of the population of particular taxa. It is difficult, however, to use this parameter in assessment methods without considering the taxonomic composition at the same time,
because it does not reflect the state of the ecosystem precisely enough. It is obvious, for example, that the same total number of phytoplankton can be noted in lakes with different nutrient concentrations, which is related to differences in size between organisms.
Phytoplankton biomass is generally measured as the sum of the biovolumes of all the counted specimens and included in many
European phytoplankton-based methods (Table 1 ). The inherent weakness of this parameter results from a lack of information on smaller-sized phytoplankton groups (picophytoplankton), because they are frequently overlooked in analyses carried out using the inverted microscope techniques [Utermöhl 1958 ]. The Hungary and the United Kingdom) and biodiversity (the evenness index in Estonia) (see Table 1 ).
Consideration of the cyanobacterial biomass as an indicator
of the eutrophication pressure has obvious advantages. In the conditions, but we should remember that as Reynolds [2000] concluded '… patterns determined rely upon the presence of certain algae indicating a given trophic state rather than the trophic state determining which algae might be there'.
The occurrence of phytoplankton species in the narrow niche of environmental variables is rather rare and the majority of species It is difficult to estimate the frequency and intensity of phytoplankton blooms as the indicator of the eutrophication pressure. In Europe,
there is no uniform definition of this phenomenon, although its characteristic features include a high phytoplankton density in the summer, its longer lifetime, the domination of one or two species or the presence of potentially toxic species [Mischke et al 2011] . The sampling strategy, that is, its frequency in time and the locations of sampling sites, is of key importance for the monitoring of blooms. The biomass of cyanobacteria, the group that is mainly responsible for summer blooms, may be a variable parameter, in the course of the year and between the individual years when surveys were carried out [Søndergaard et al. 2011] and in spatial terms [Pobel et al. 2011] . Therefore, according
to Pobel et al. [2011] , it is impossible to work out a sampling strategy that would be suitable for all water bodies in terms of the monitoring of blooms.
As mentioned earlier, the biomass of cyanobacteria or their percentage share in total biomass is an indicator that is often applied in phytoplankton-based methods for ecological status assessments (Table 1) and cannot be considered a metric that indicates the risk of blooms. However, it should be borne in mind that the intensive growth of cyanobacteria may be affected not only by the availability of nutrients but also by other factors, including favourable weather conditions (warm and dry summers, windless weather), and, in turn, their growth is constrained by intensive water mixing, low temperatures, self-shading or grazing [Dokulil, Teubner 2000] . Thus, the correlation between the percentage share of cyanobacteria in the total biomass of phytoplankton and the TP concentration is not strong, and it is difficult to determine the threshold values [Søndergaard et al. 2011 ]. An interesting solution is the integrated diversity bloom metric, which was developed and tested by Mischke et al. [2011] .
This indicator takes into account two parameters that indicate the emergence of blooms: the chlorophyll a concentration (substantially exceeding the seasonal average) and the speciesspecific differentiation (evenness) [Mischke et al. 2011] .
The bloom metric included in the Dutch method is an attempt to use the phytoplankton abundance in ecological status assessments [Phillips et al. 2014] . This bloom metric distinguishes between different bloom types, ranging from a massive bloom of Planktothrix agardhii, through blooms of, for example, Scenedesmus, Anabaena, Botryococcus, to blooms of Dinobryon and Peridinium. Blooms are defined by a bloom-specific density criterion, expressed by the number of cells, filaments or colonies.
A specific metric is assigned to each bloom, ranging from 0.1 to 0.7, depending on its prevalence in relation to eutrophication [Phillips et al. 2014] . Because the Dutch bloom metric is focused on the autecology of selected taxa that are common dominants, an increase in their number of cells per volume of water can indicate sufficiently well the bloom risk.
Traditionally, phytoplankton biodiversity indices, ShannonWiener Index and the evenness index, are used in ecology for water quality assessment. However, the observed taxonomic richness is usually an underestimate of the true taxonomic richness and depends on the sampling strategy and the counter's skills. Moreover, the species diversity changes in a specific way along the eutrophication gradient and the highest diversity is observed at the medium disturbance level, in the context of eutrophication. The low species richness and biodiversity can be noted in nutrient-poor ecosystems, because these deficit conditions are sufficient enough for living only for few taxa, as well as in very fertile habitats where also only very few species which are best adapted to many stress factors (i.e. light and oxygen deficits) can survive. Nevertheless, these patterns can be seen well only when the full trophy spectrum, from the ultraoligotrophic to the hypertrophic, is available. In a relatively narrow productivity range, the species richness increases with increasing lake eutrophication. Various other factors also play a role. It is generally believed that high predation or grazing pressure results in the loss of diversity of prey organisms. As Dodson et al. [2000] noted, both the phytoplankton species richness and the Shannon-Wiener Index are unimodally related to TP, whereas the importance of lake depth and lake area varies: diversity increases with lake area and species richness grows with lake depth. For these reasons, the phytoplankton community richness does not seem to be a useful metric in monitoring programs, and except for Estonia, it is not an element of ecological status assessments as well in Poland as in other
European countries (Table 1) .
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